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(71) We, SCHOLTEN 

RESEARCH B.V., a Dutch Body Corporate, 
of P.O. Box 1, Foxhol, the Netherlands, do 
hereby declare the invenrion, for which we 
5 pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to a process for the 
10 chemical modification of starch in dry condi- 
tion and to products obtained thereby. 

It is knov/n to modify starches in dry 
condition by treatment in the preserice of 
starch modifying agents such as dextrinising 
15 agents, oxidizing agents, esterifying and etheri- 
fying agents. The water content of the starch 
reaction nuxture in such earlier described treat- 
ments ranges from about 20% bvweight to suriaccs anu/or juLiuuui^Liun uj. ^ uvu a**-'? 
practically nond^Jf^^^^ji^l^^^i result in long heating times, as well as. local 




in^ia^g^By^we-^--- . 

The term " dry condidon " as used in this ^ 
specification means that less than 20% mois- 
ture is present based on the weight of the^ 
starch. The process according ot the inven- 
tion malces now available the advantages of 
microwave heating over the conventional heat- 
ing mediods for modification of starch in dry 
condition. The conventional heating methods 
are based on the heat transfer by conduction 
and convection, and requires a temperature 
gradient in and between the substances to be 
heated. Thus the conventional heating methods, 
for example carried out with heat-exchange 
surfaces and/or introduction of a hot gas. 



25 



_ and starch 

containing products by subjecting them to 
microv/ave radiation for the purposej^f head- 
ing and/or drying. T^^^M^^ 



— C3 »^ 

overheating because of which side reactions 
and pyrolysis of the starch occur. These draw- 
backs occur especially during the. heating of 
the starch material to high temperatures, i.e. 
temperatures above 150° C, 

\X/e have discovered that for the chemical 



ing and/or drying. Hc^wcj^e^rK^ We nave oiscoverea mat lor 

.pTCK:ess^*for-niicrowa\^^iM6m of starch not only a more emcient 

-i^^^^^^s^^^.^®^.^^ ^^^^ heating is effected, but also high 



conversion rates and short reaction titnes can 
be achieved. Reaction times of ^^^8^^ 
can^bi^Siueed^^o less than about ten minutes 
b^|^li^Pfng)^igg^^s. Besidesphigher*^ 
yieIds»andle^SSStam^ are ob- 

tained by subjecting the starch reaction mix* 
ture to microwaves. It is also possible to per- 
form new chemical modifications of starch, 
which were not known before. The advantages 
of the novel process are in particular obtained 
when the starch is modified in particulate form 
i.e. in the form of segregated particles, thus 
promoting the removal of moisture^^shasgbcertii, 
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^ ^.^^^j^^..^^.,^^^^.^,^^^..^ In the 

appTTCTtiofPiSFI^ for ±e 

30 preparation of quick-cooking rice products 
and for the drying of pasta products — as in 
the manufacturing of macaroni — the v/ater 
content is sufficient to allow swelling and/or 
gelatinizing of the starch granules during this 
35 treatment. 

In contradistinction of the known state of 
the art it has now been found that it is pos- 
sible to modify chemically and to dcriyatisc 
starch, by subjecting a starch reaction mixture 
40 at a moisture content of less than 10% by 
weight to microwave radiation v/ithout the 
occurrence of charring, thereby giving modi- 
fied starches of superior propenies in high 
ykld:.^ AcGordmg-^oMhgpgl^^l^^^o^^^ 
45 ?#eref6fel^thrde^i^r^de^ 



^fiHti6n>^SodificSations. 

In this specification "the chemical modi- 
fication of starch" is intended to mean the 
^^PtiicirOTm^ conversion of staich in the presence <rf starch 

^^J|tM#M¥Bf;^^^ipao^^ modifying agents and opuonally of substanc^ 

accelerating the modification reaction which 
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v/ill effect destrinizadon, hydroylsis^ cxida- 
tion, derivatisation (etherification ojpstenfica. 
.i-.tion®or*taeetalizauon) or graft pol3nSferisation 
of the starch. 

Suitable starches for t±e chemical nicdi- 
fication of starch according to the invemicn 
are potato starch, corn starch, wheat starch, 
tapioca starch, sorghum starchy war.y maize 
starch, and waxy sorghum starch. 

Instead of pure starch, also protein con- 
tainmg starches can be used, such as flours. 
The used starch may be in its natural original 
granular form or may be gelatinized or pre- 
treated. The pretreatment may include chemi- 
cal conversion such as dextrinization, hydro- 
lysis, oxidation or derivatisation, enzymatical 
conversion and physical treatments. 

Suitable agents for chemical modiiicauon 
according to the invention are the commonly 
Icnoyvn modifying agents which effea dex- 
trinization, oxidation, derivatisation or graft 
polymerisadon of the starch as described in 
Radley "Starch and its Deiivadves 1968 
Chapman and Hall Ltd. Chapter 11 and 12; 
Whistler/Paschall "Starch: Chemi.sny and 
Technology Academic Press. Volume I 
(1965) Chapter XVIII and XIX; Volume 

iV'vf X^lTxDf ' 

Examples of chemical modifications accord- 
ing to the invention and suitable modifying 
agents are the follov/ing: 

Dextrinisation in the presence of ageiits such 
as hydrochloric acid, nitric acid, aluminum 
chloride, trisodiumorthoohosphate and otl-er 
agents. 

Oxidation in the presence of nitrogen d^- 
o:dde, chlorine, hypochlorite, sodium perbor- 
ate, ammonium persulfate, hydrogen peroxide 
and other oxidising agents. 

Hydrolysis and/or esterification modifica- 
tion of starch in the presence of inorganic acids 
and/or salts thereof— optionally in combina- 
tion v/ith other agents — such as sulfuric acid, 
hydrochloric acid, nitric acid, sulfamic acid, 
ortho phosphoric acid, pyro phosphoric acfd 
and polyphosphoric acid and organic acids 
such as acetic add, lauric acid and citric acid, 
alkali and ammonium salts of phosphorus con- 
taining acids, such as ortho phosphate salts, 
pyrophosphate salts, metaphosphate salts^ 
polyphosphate salts and mijrtures 'thereof^ 
optionally in combination with amines, amides 
and ammonium compounds, complexes of sul- 
fur trioxide v/ith tertiary amines, mixtures of 
sodiuni bisulfite and sodium nitrite. 

Derivatisation with known . monofunctional 
or poiyfunctional etherifying and esterifying 
agents, for example monofuncdonal ether'fyin^ 
agents such as alkylhalides, halogenated cai^ 
boxylic acids, cpoxy alkanes, diallcylsulphates, 
alkanc sultones, acrylonitrilc, acrylamide, 
acryHc acid esters and the like, monofunc- 



^r^^^aliph^c^^^^m^i^^^l^cggg^ 
and polyfuncricnal agents suclTasxpichloro- 
h3'drrn, phosphorus-oxychloride, polybasic 70 
acid anhydrides, diisocyanates, aldehydes, syri. 
thetic resin precondensates. These- derivatisa- 
tions cao he carried out in the presence of 
acid, alkaline or neutral substances which 
accelerate die reactions. * 75 

Graft polymerisation of starch with acryKc 
compounds such as acrylic acid, sodium acr>-l- 
atc, aciylonitrile, acrylamide are performed 
in the presence of catalyst systems, such as 
hydrogen peroxide-ferrous ion and persulfate- 80 
bisulfaie combinations. 

The dry reaction mixtures of starch and 
modifying agents suitable for the process of 
chemical modification according to the inven- . 
tion can be obtained in various manners. For 85 
instance air dry starch may be sprayed with 
an aqueous sclutfon of the modifying agent. 

It is also possible to mix moist starch^Cmois- 
ture content about 35—40% bv v/eight) and 
the modifying agents followed by drving of 90 
tl-e mixture. Alternatively the starch mav be 
suspended in an aqueous solution or suspen^ 
sion of the modifying agents and after sdrring 
and collecting on a filter, it may be dried. 
In ail cases the mixture should be adjusted 95 
to a moisture content below about 20% by 
weight of the starch. 

The drying can be carried out with com- 
mon drying apparatus such as e.g. pneumatic 
dryers or rotating drum dryers. 100 

To be suitable for die chemical modification 
according to the invention the starch reaction 
mixture should have or should reach a mois- 
ture content of less than 10% hv weight 
during tlie microv/ave radiation. We have 105 
made the observation that when a mixture with 
a moisture content above 10% is subjected 
to microwaves v/itliout evaporation of water 
hardly any conversion will take place or un- 
stable and strongly coloured products are 110 
obtained. However, starch reaction mixtures 
with a moisture content above 10% by weight 
of the starch can favourably be used as starifng 
material for the process according to the in- 
vention provided reaction conditions are chosen 115 
which promote the evaporation and removal 
of moisture from the mixture. It has been 
found, that v/hen a starch reaction mixture 
with a moisture content above 10% by weight 
of tlie starch is subjected to microwave energy 120 
under said reaction conditions, broadly the 
following will happen: 

In thei?iiEst'spplaaee?s©f«the^«pr0eessahes^varm- 
ing up -of^'the^starch^and^evaporationHof^water 
prevails,mwh!lea&the^teniperature^v^ill-r rise:;:^to 1 25 
afeout^siffil^ln die subsequent phase of 
the process wffen the moistture falls belov/ about 
10% by Y/cight, along with continuing lower- 
ing of the moisture content the conversion 
starts and at last a very rapid conversion 130 
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To .promote uniform remaval of moisture 
and uniform heating is is desirable to keep 

3 the reaction mixture in agitation^ for instance 
in a rotating drum or in a stationary chamber 
with agitation. Alternatively a gas stream can 
be passed through or over the mixture. 

A preferred procedure is fluidisation of 

10 the starch reaction mixture. In fluidisation a 
bed of finely divided particles is lifted and 
agitated by a rising stream of gas. 

Fluidisation can be achieved by feeding the 
gas uniformly through a bed of particles, 

15 for example, by using a column with a gas 
distribudng bottom plate. A fiuidised bed 
results. A variant is formed by penetration of 
a jet of gas through a bed of particles. This 
can be carried out by feeding the stream of 

20 gas centrally into a column with a conical 
bottom. A spouted bed is formed which has 
a channel in the centre and does not have a 
homogeneous distribution of particles through- 
out the bed. Also included arc beds consisting 

23 of dense liquid-like suspension of turbulent 
solids, which are established by transmitting 
an oscillating motion generated by mechanical 
means to the mass of solids. Gases such as 
air, nitrogen or carbon dioxide may be passed 

30 through such beds at velocities lying below the 
level necessary to give fluidisation by the gas 
alone. All these types of fiuidised beds are 
suitable for the process according to the 
invention. 

35 Thus it is a preferred embodiment of the 
process according to the invention to subject 
a fiuidised mixture of starch and modifying 
agents to microwave radiation. For fiuidisauon 
the mixture must be powdered or granular and 

40 have a maximum moisture content of about 
15 — ^20% b}'- weight of the starch. To en- 
hance the fluidisabilit^^ substances which im- 
prove the mobihty of die mixture may be 
added in minor quantities (0.1 — 2% by weight 

43 based on starch). Examples of these sub- 
stances are tricclcium phosphate, magnesium 
oxide or colloidal silica. Air, nitrogen, carbon 
dioxide or mixtures thereof are suitable as 
fluidisation gases. When the modif\dng agents 

50 are gaseous or volatile substances, they can 
be apphcatcd in admixture widi die fluidisa- 
tion gas. 

The microwaves suitable for application in 
the process according to the invention are 

55 electro magnetic waves having frequencies 
ranging from 300 MHz to 300,000 AlHz. 

The frequency can be selected in relation 
to several variables such as the dielectric pro- 
perties of the material and the dimensions of 

60 the reactor. For industrial applications, how- 
ever, only certain specific frequency bands are 
permitted by the authorities in several coun- 
tries. These frequency bands include 915, 
2450, 5800 and 22155 MHz. In practice these 

65 frequencies will be applicable in the process 



according to the invention. The invention is, 
however, not limited to these frequencies. 

The chemical modification of starch accord- 
ing to the invention can be performed in 
every known type of microwave processing 70 
apparatus. A microwave processing apparatus 
normally includes a microwave generator in 
the form of a magnetron or klystron, an 
applicator in the form of an enclosure, which 
confines the microwaves and in which the 75 
materials are exposed to microwaves and wave- 
guides, which interconnect the generator and 
applicator, for transport of the microwave 
energy. 

The construction of microwave processing 80 
apparatus, the dimensions of the wave guides 
and applicators, special forms and means for 
applicator chambers for preferred modes of 
propagation, directing or focussing on speci- 
fic regions of the chamber, and suitable 85 
materials of construction are generally known. 
The applicator may be adapted to batch-wise 
or continuous procedures. So the applicator 
may be a chamber in which the material can 
be placed for exposure to microwave in a 90 
holder, which is transparent for microwaves 
e.g. a pan or a colimin for a fiuidised bed. 
Further the chamber may be provided with 
inlet and outlet openings to pass the material 
through the chamber by conveyor belt or 95 
pneumatically. It is also possible to construct 
the applicator in the form of a rotating drum 
or of a coltiinn for holding a fiuidised bed 
(compare: G. B. Allen: The Journal of 
Microwave Power 3 p. 23). At the same 100 
time the applicator may be provided with a 
system to maintain a vacuum or a specific 
gas atmosphere. Optionally the microwave 
processing apparatus may include various 
monitoring devices for measurement of process 105 
condiitons such as dryness or temperature of 
the treated material. For the preferred embodi- 
ment of the process according to the inven- 
tion^ in which a fiuidised starch reaction mix- 
ture is subjected to microwaves, a microwave 110 
confining chamber in the form of a column 
holder for a fiuidised bed is favoured. Especi- 
ally for conversion at temperatures above 150° 
C the heating of the fiuidised material by 
microwaves is advantageous in comparison 115 
with conventional methods of heating with 
heat-exchanging surfaces inside the fiuidised 
bed. These advantages are : no over heating at 
heat-exchanging surfaces, no need for internal 
heat-exchanging surfaces thus leaving more 120 
free space inside the column holder for material 
to be treated, less surface exposed to the abra- 
sive action of fiuidised particles; less blind 
spots, which cause contamination of the pro- 
duct by withholding material of prior charges 125 
and fast control of the heating system. 
Ahhough subjecting a starch reaction mixture 
to microwave radiation in fiuidised bed, is 
the preferred embodiment of the process the 
invention is not Hmited thereto. 130 
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The efficiency and advantages cf the chemi- 
cal modification of starch by subjecting to 
microwaves appear in all embodiments of the 
process. 

Because of the great number of variables in 
performing the process according to the in- 
yendon such as the input of microwave energy 
into the material, the composidon of the reac- 
tion mixture^ the modifying reaction, the used 
microwave confining chamber, the desired re- 
aaion time, the used microwave frequency it 
is only possible to give general parameters. 
More definite parameters can easily be deter- 
mined experimentally by carrj-ing out some 
process variadons for a specific modificadon 
reaction. In this way it is possible, for in- 
stance, to determine the optimum conversion 
time, v/hich is usually in the order of less 
than 10 minutes. These conversion times are 
much shorter than can be expected on account 
of high temperature or the efficiency of heat- 
ing alone. 

In the process according to the invention 
less contaminated modified starch products are 
obtained more efficiently, in shorter reaction 
times and higher yields than in the conven- 
uonal processes. The folowing examples illus- 
trate the invention. 



Example I 

This example describes the dextrinisation of 
starch in the presence of hydrochloric add by 
subjecting the predried mixture to microwaves. 
For this purpose potato starch is acidified to 
pH 2.45 by spraying with 1 N hydrochloric 
acid. 

In 2 hours the mixture is dried in a rotat- 
ing drum at llO'^C to a moisture content of 
0.9% by weight. 

the^mdit^^^^^^^^^^^^^^^^^^^r 

A sample of this mixture is fiuidised by 
a stream of air in a fluidisation column placed 
in a microwave processing apparatus. The 
apparatus is " Microwave Heating System " 
type MH 1500/50 of Rotax Ltd. This appara- 
tus consists of a magnetron, which is con- 
nected by wave guides with a microv/ave con- 
fining chamber. The magnetron generates 
microv/aves with a frequency of 2450 MHz 
and has a maximum pov/er output of 1.5 

At a current of 200 mA of tl:e magnetron 
the dextrinisation takes 5 minutes. The de^-trin 
so obtained has an Cstwald viscosity of 34.7 
cps and a Hellige colour of 12. At a current 
of 100 mA cf the magnetron dextrinisation is 
achieved in 10 minutes. The dextrin thus ob- 



tained has an Ostwald viscosity of 363 cps 
and a Hellige colour of 12. go 

Conventional dextrinisation, which yields . 

dextrins with ah Ostwald viscosity of 34 

38 cps v/hich have an Hellige colour of at 
least 13, requires a dextrinisation time of 
3 — ^- hours. The stability of dextrins prepared 65 
by the microwave method is better than die 
stability of conventional dextrins of corres- 
ponding Ostwald viscosities. 

When a predried mixture is dextrinised 
in a rotating container of glass placed in the 70 
microv/ave chamber, the dextrinisation time 
amounts to 2-1/2 minutes at a curirent of 300 
mA cf the mavrnetron. The de.Ktrin so ob- 
tained has an OsUvald viscosity of 27.1 cps 
and a Hellige colour of 10. The Hdiige colour 75 
is determined by comparing the colour of a 
solution obtained by cooking de;;:trin v/ith a 
moisture content of 13 % by weight in water 
(1:1 by v/eight) during 15 minutes, with a 
Standard colour scale of Hellige. A higher 80 
value of Hellige colour means stronger colour- 
ation. The Ostv/ald viscosity is determined 
v/ith an Ost^sald viscosimeter. For that pur- 
pose a solution of dextrin is prepared by stir- 
ring 1 part by weight of dextrin with a mois- 85 
tare content of 13% by weight in 1.5 parts 
by weight of water and heating during 1 hour 
at 70**C. 

After cooling and correcting the weight 
for evaporated water, the solution is filtered 90 
through a silk gauze before determination of 
the viscosity. 

Example II 
This example describes the modification of 
starch in tlie presence of phosphoric acid iand 95 
urea. 

A mixture is prepared by mixing 2500 parts 
by weight of potato starch, 150 parts by 
v/eight of phosphoric acid (85%) and 375 
parts by weight of urea dissolved in 200 parts 100 
by weight of water and acidified with 10 N 
sulfuric acid to pH 1.43, in a Kerfeld mixer 
during 60 sec. at 1200 r.p.m. After drying 
in a pneumatic dryer a mixture is obtained 
of potato starch v/ith 6% by weight of phos- 105 
phoric acid, 15 7o by weight of urea and a 
moisture content of 10% by weight of the 
starch. 

To enhance the fluidity 0.15§;^^^ipitJ 

^'^^ cakuliia^-tKr 110 

Samples of this mixture are subjected to 
microwaves in fiuidised state as described in- 
Example I during which treatment the mois- 
ture content drops below 10% by weight. The 115 
following results are obtained; 
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The viscosity is measured with a Brook- 
field HAT viscosimeter at 50°C in an aqueous 
solution of 15%' by weight. The phosphorus 
content is determined according to the method 
of Allen (RJ.L. Allen: Bioch, ] 34 858—865 
(1940)). The whiteness is determined by com- 
paring the whiteness of a dry product with 
that of magnesium oxide in a spectrophoto- 
meter and expressing the result in %■ 
whiteness. 

For comparison starch phosphates obtained 
by jnodifying in fiuidised bed using internal 
heat-exchanges require 1 — 3 hours reaction 
time^ while the yields are about 40%. To 
obtain starch phosphates with a viscosity of 
2Q — 60 cps and a wliiteness of 60—70%' the 
process of the invention requires jnuch shorter 
reaction times and gives the same or higher 
yields, as can be achieved by the conventional 
process. For starch phosphates with a higher 
phosphate content much higher yields are 
achievable with the new process. 



Example III. 

This example describes the etherification 
with sodium= monbchloroacetate. 200 parts by 
weight of potato starch and 116.5 parts by 
weight of sodium monocbloioacetatCj dis- 
solved in 350 parts by weight of water are 
mixed in a Herfeld mixer in 60 seconds at 
1200 r.p.m. After drying in an oven at 40 — 
50^0 during 18 hours to a moisture content 
of 15% by weight anc^p^^^Mp 
to enhance the mobility^ the jmscture is fiuid- 
ised and subjected to microwaves as described 
in example I during which treatment the mois- 
ture content drops below 10% by weight. 

At a current of 120 mA of the magnetron 
the radiation takes place during 10 minutes. A 
product is obtained with a degr.ee of substi- 
tution of 0.06. The etherificauon yield is 
58%. 

This result is surprising. For this etherifica- 
tion takes place in absence of an alkaline 
etherification catalyst and under dry condi- 
tions. Thus far this reaction has only been 
accomplished in the presence of an alkaline 
catalyst. 

When after drying of the mixture 1 gram 
equivalent of powdered sodium carbonate is 
added a D.S. of .07 and an etherification yield 
of 73%= are achieved. 



60 Example IV 

This example shows the course of the chemi- 
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cal modification when the starting mixture has 
a moisture content above 10% by weight. 

For this purpose a mixture of potato starch 
and 6% t^^^^^l^^^^ia (85%' 65 
and adjusted to pH 43)**is":prepared in a mixer 
in 60 seconds at 12G0 r.p.m. The mixture is 
dried in a pneumatic dryer to a moisture con- 
tent of 14% of the weight of the starch and 
colloidal silica is added. 70 

Samples of this mixture are fluidised using 
air as fluidizing gas and subjected to micro- 
waves as described in Example I. The current 
of the magnetron is 200 mA.. 

The reactions of the successive samples 75 
are interrupted after 1, 2, 3, 4, 5, 6^ 7, 8j 9 
and 10 minutes, after which the temperature, 
the moisture content and phosphorus content 
are determined. 

The results are given in Figure 1. 80 

From this figure it can be concluded that 
in the first phase of the process lowering of 
the moisture content prevails while in the 
subsequent phase a rapid conversion takes 
place. After 10 minutes reaction time the phos- 85 
phate content is 3.01% as bound PoOo. The 
yield is 82%, 

Example V 

In this example the procediixe of example 
IV is repeated for the modification of potato 90 
starch with sodium monochloroacetate. 

After preparing a mixmre of starch and 
sodium monochloroacetate (0.5 mol/1 kg of 
starch), having a moisture ^itent^of^^M^%< 
of the weight of the starch ai^^^j^^^g 95 
loidal silica, samples of the mixture are sul3- 
jected to the procedure as described in ex- 
ample rV. The results are given in figure 2. 
As in example IV for the esterification reac- 
tion^ an initial lowering of the moisture con- 100 
tent is succeeded by a rapid etherification re- 
action after the moisture content has dropped 
to less than 2%. 

Example VI. 
This example describes the modification of 105 
starch with sulfamic acid and urea. A mixture 
is prepared by suspending 2500 parts by 
weight of corn starch in 3500 parts by weight 
of water in which 1200 parts of weight of 
tu"ea and 300 parts by weight of sulfamic acid 110 
are dissolved. After removal of water by 
centrifuging the mixture (40% moisture) is 
dried during 24 hours in an oven at 40 — 
50^C. 

The mixture so obtained has the following 115 
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coifiipositidn potato starch 87% by weight d.s. 
laifca 10.4% weight d.s. sulfamic add, 2.6 by 
\veight d.s. and moisture 9% of the -weight 
the starch. The mixture is fluidised and 
exposeci to microwaves as described in Ex- 
ample I. At a current of 200 mA of the 
magnetron radiation takes place during 3 
mintites. The product obtained yields on cook- 
ing in water, a low-viscous, clear and stable 
solution. The content of bound sulfur is 0.86% 
by weight on dry substance. 

When dry reaction mixtures of starch, sul- 
famic add and mea are heated with conven- 
tional heating methods, the reaction requires 
4 — 5 hours at 130°C. The content of bound 
sulfur is at most 0.75% (see U.S. Patent 
2,8573377), 



determination of the nitrogen content the graft 
polymer is washed with water or a water-alco- 
hol mixture to remove unbound nitrogen. 



Example VII 
This example describes the modification of 
starch with the ammonium salt of maleic acid. 
In a Lodige mixer 2000 parts by wdght of 
tapioca starch and 100 by weight of maldc 
acid dissolved in 300 parts by wdght of water 
and adjusted to pH 7.3 with ammonia (35%), 
are mixed during 30 minutes at 100 r.p.ra. 
After drying over night in an oven at 40 — 
50°C to a moisture content of 8% by weight 

^^^.f^S^pi^^ig??? ^% mixture is 
modified m a-^rotatmg container of glass which 
has been placed in the microwave apparatus. 

Using a reaction time of 5 minutes at a cur- 
rent of 200 mA of the magnetron a cross- 
Ihiked starch product is obtained. On dissolv- 
ing in water (1 : 10 by weight) the product 
gives a slightly yellow salve-like solution. The 
product has an acid number of 9.6 mg KOH/ 
g dr.s., a saponification value of 21.1 and 
esierificadon number of 11.5 g dr.s. The 
degree of substitudon is .0.03. 

Example VIII 

This example describes the graft polymeris 
auon of starch with acrylamide. 

A nuxiure of potato starch (moisture content 
20% by weight) and acrylamide (10% by 
weight calculated on starch) are dried to a 
moisture content of 5% by weight at 70°C 
Thereafter 0.3% by weight of colloidal silica 
and 0.5% by weight of benzoylperoxide are 
added. 

The mixture is fluidised with nitrogen gas 
and exposed to microwaves as described in 
Example I using a current of 100 mA of the 
magnetron during which treatment the mois- 
ture content drops below 5% by weight. 

A white product is obtained in 2 minutes 
with a yield of 58%. Corresponding with a 
nitrogen content of 1.1% by weight. Before 



WHAT WE CLAIM IS: — 

1. A process for the chemical modification 
of starch in dry condition which comprises 
subjecting a mixture of starch and one or 
more modifying agents which effect a chemi- 
cal transformation of the starch molecules to 
microwave energy under such conditions that 
the water content during the radiation treat- 
ment is or reduces to less than 10% by vvdght 
of the starch. 

2. A process as claimed in claim 1 in 
which the starch is modified in particulate 
form thus promoting the removal of moisture 
from the mixture. 

3. A process as claimed in claim 1 or 2 
in which a gas is passed through the; mixture 
dm*ing exposure to microwave energy. 

4. A process as claimed in any of claims 
1 to 3 in which the mixture is in a fluidised 
state. 

5. A process as claimed in ariy one of the 
preceding claims in which the mixture con- 
sists of starch and monochloroacetic acid or 
the allcali metal salt thereof. 

6. A process as claimed in any one of 
claims 1 to 4 in which the mixture consists 
of ^ starch, urea and a phosphorus containing 
acid or the alkali metal or ammonium salts 
thereof and/or sulfamic add. 

7. A process as claimed in any one of the 
preceding claims in which said chenucal modi- 
fication is etheriflcation or esteriflcation of 
starch and in which the microwave energy is 
supplied to such an extent that the etherifl- 
cation ^or^esterification reaction^ takes place 



- . -^W- ^ w._« ...... 

8. A process for the chemical modification 
of starch in dry conditions as claimed in claim 
1 and substantially as hereinbefore described 
with reference to any one of the foregoing 
Examples. 

9. A starch modification product obtained 
by a process as claimed in any one of the 
preceding claims. 

10. A starch modification product as claimed 
in claim 9 and substantially as hereinbefore 
described with reference to Example I to 
VIII. 

W. p. THOMPSON & CO., 
Coopers Buildings, 12 Chtirch Street, 
Liverpool LI 3ABj 
Chartered Patent Agents. 
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